Vinasses from the wine industry were treated with different materials to remove colour as a first step for treatment. Peat, several composts and red mud from bauxite refining were evaluated as adsorbents for coloured compounds, and their performances compared to that of activated charcoal. Among the materials assayed, grape marc vermicompost gave the best results, followed by peat. A sharp decrease of absorbance between 400-800 nm took place in vinasses after the treatments with these two materials, whereas the other substrates did not reduce the colour of the vinasses as did activate charcoal, grape marc vermicompost and peat. Moreover, grape marc vermicompost and peat were activated on high temperatures or grinding, producing better results in colour removal, although with negative effects on the electrical conductivity and nutrient concentration in the wastewater. The results of the treatment of vinasses with activated charcoal were reproduced and even overcame, in the case of the reduction of the optical density of vinasses at 665 nm, using grape marc vermicompost.
wastewater production in Spain has been approximately 18 £ 10 6 m 3 year 21 , six times higher than the wine wastewater produced in France or Italy, mainly due to the low cost of disposal fees and the lack of alternative processes (Bustamante et al. 2005) . Vinasses are constituted by two different fractions: an aqueous fraction and a solid one (lees) that represents the 5% (v/v). Vinification lees are partly composed of grape pulp, skin seeds and died yeasts that carried out the alcoholic fermentation during the wine elaboration. Some authors have proposed the utilization of vinification lees as nutritional media for lactic acid production. For instance, Bustos et al. (2005) employed them as a general nutritional medium for lactic acid bacteria obtaining favourable results, but the aqueous fraction of vinasses remained as a residue.
Colour is the first contaminant to be recognized in vinasses wastewater, mainly in those from red wine making technology. Wastewater containing coloured compounds is very difficult to treat, since dyes are recalcitrant organic molecules, resistant to aerobic digestion and stable to light, heat and oxidizing agents (Sun & Yang 2003) . There are several physical, chemical and biological decolourization doi: 10.2166/wst.2009.166 methods, but among the numerous techniques for dye removal, adsorption is the procedure of choice and gives the best results when used to remove different types of colouring materials (Ho & Mckay 2003; Jain et al. 2003) . Most commercial systems currently use activated charcoal as sorbent to remove dyes in wastewater because of its excellent adsorption ability. Activated charcoal adsorption has been cited by the US Environmental Protection Agency as one of the best available control technologies (Derbyshire et al. 2001) . However, although activated charcoal is a preferred sorbent, its widespread use is restricted due to its high cost (Crini 2006) . So, in order to decrease the cost of treatment for removing coloured compounds, it is necessary to find inexpensive alternative adsorbents. In the literature there are many works dealing with the treatment of vinasses by oxidative and biological processes, to remove organic and aromatic compounds In this work, vinasses from red wine making technology were treated with non-conventional low cost natural adsorbents, including red mud, peat, and composted materials (composted pine bark, grape marc vermicompost and municipal solid waste compost). Most of these materials are expected to perform well as adsorbents due to their high surface area and OM concentration, which provides a great number and variety of functional groups capable of linking organic molecules by different mechanisms. Moreover, red mud contains important amounts of Fe-oxides and zeolite-type minerals which give it high adsorption capacity (Arias et al. 1999) . The objectives of this work were to determine: (1) whether adsorption with materials of low cost would facilitate the subsequent treatments; and (2) which of the materials would be more efficient in this task.
MATERIALS AND METHODS

Vinasses and substrates used
The vinasses employed in this work were obtained from red wine making technology, and they were supplied by properties of these materials are shown in Table 1 . In this work, activated charcoal (AC; Panreac Química S.A., Barcelona, Spain) was employed as a control. Additionally, some materials (P, GMV) were ground or boiled to improve their adsorbent capacity.
Colour removing
The vinasses were centrifuged in order to remove the solid fraction consisting, in lees and the supernatant was mixed with the mentioned substrates (Table 1) using a substratevinasse ratio of 1:30, shaken for 2 hours at room temperature, and filtered. The optical densities of the solutions were measured at 465 nm (E 4 ) and 665 nm (E 6 ), which are indicative of the presence of dissolved organic matter; from these, the E 4 /E 6 ratios of optical densities, which decrease with increasing degrees of polymerization, 
RESULTS AND DISCUSSION
Properties of the untreated vinasses
Vinasses have high optical densities in the visible region, with a maximum at 400 nm (violet) and a shoulder in the region near 500 nm (Figure 1a ). The main chemical properties of vinasses (Table 2) Effect of the treatments on the chemical properties of the vinasses cases the vinasses increased their concentrations after the adsorption treatments, except for peat, which had no effect on these elements. These nutrient increments took place as a consequence of their extraction from the substrates during the treatment. It has to be noted the effect of RM on the adsorption of phosphorus, whose concentration was drastically reduced after that treatment, whereas the other substrates had no definite effect on the concentration of this element. This is an expected result for red mud, which has already been reported as an excellent adsorbent for phosphorus and dyes (Cheung et al. 1994; Ló pez et al. 1998) .
Grinding the substrates to see the effect of an increment MSWC1 and MSWC2 also decreased absorption, but to a much more lesser extent. In the case of red mud, the absorption was even increased, probably due to the dissolution of iron oxides. The same conclusions are obtained from the analysis of the data shown in Table 3 , which summarizes the absorbance at 465 nm and 665 nm of the treated vinasses and the reduction in their absorbance with respect to the untreated vinasses. Again, red mud was not adequate to remove coloured compounds from vinasses because it increased their absorbance by 22% at l ¼ 465 nm and by 51% at l ¼ 665 nm; MSWC1, MSWC2 and CPB only achieved limited reductions that were not comparable to those of activated charcoal, which eliminated almost completely the colour at 465 nm and in a 80% at 665 nm. In turn, GMV decreased the absorption at 665 nm the same as activated charcoal, while at 465 nm achieved a 78.5% reduction. Peat also produced important reductions of the absorbance at both wavelengths (up to 42% at 465 nm and up to 49% at 665 nm).
Due to the fact that P and GMV gave results comparable to activated charcoal, they both were boiled and ground in order to increase their activity in colour removing. Figure 2 shows the absorption spectra of the vinasses after treatment with boiled or ground P and GMV.
When using ground P and GMV the optical densities of the vinasses at 465 and 665 nm decreased with respect to the vinasses treated once with the unground substrate, but the results were better after treating the vinasses twice with the same substrate.
After using boiled P and boiled GMV, an increase in colour removal was observed (Figure 2) . The biggest temperature activation effect occurred for peat, which then achieved a performance close to GMV. The absorbance of the vinasses was greatly reduced with respect to the use of non-boiled substrates (Table 3) , being the effect more marked for the absorbance at 465 nm than for the absorbance at 665 nm, although in both cases the results for the two wavelengths were improved; the results achieved by the treatment with activated charcoal for the values of absorbance at 665 nm were equalled and even improved. In fact, treating the vinasses twice with boiled GMV produced the highest reduction for E 6 among all the treatments.
Moreover, Table 3 shows the ratio between the absorbance at 465 nm and 665 nm (E 4 /E 6 ), which is an indicator of the molecular size of the dissolved organic compounds, the lowest values pointing out the predominance of substances of high molecular size (Chen et al. 1977 
CONCLUSIONS
Adsorption of coloured compounds from vinasses can be a previous step in the treatment of this vinification residue, which presents a high organic content and an intense redviolet colour. The use of low-cost materials as adsorbents can be useful in some cases, as it has been shown in this study, in which colour was removed to a high extent after the contact with organic materials (peat and composts from diverse origin). Among the substrates assayed, grape marc vermicompost rendered the best results, comparable to those achieved by activated charcoal. It has to be noted the fact that the colour of the vinasses disappeared without a reduction in total C, but being clearly associated to reductions in N concentrations, thus showing the relation of the dying compounds to this element. Grinding or boiling the substrates before treatment of the vinasses improved colour removal, as a consequence of the increment of the surface area, in the first case, and as an effect of activation with temperature, in the second.
